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PROPAGATION  OF  COLD  AIR  MASSES  IN  EAST  ASIA 
AND  ITS  ASSOCIATED  PLANETARY- SCALE  FUNCTION 

By 

Ding  Yihul,  Academy  of  Meteorological  Science, 
State  Meteorological  Administration 


ABSTRACT: 

The  present  paper  has  delt  with  the  characteristics  of  propagation  of  the  winter  monsoon  dur¬ 
ing  cold  air  outbreaks  for  19  cases  of  1980— 1984  in  East  Asia  as  well  as  the  associated  plane¬ 
tary-scale  effect.  It  has  been  revealed  that  the  propagation  of  cold  air  mainly  shows  a  mode  of  10 
—  20  day  period  oscUiation.  Furthermore,  the  Siberian  cold  high  associated  with  outbreaks  of  cold 
air  may  lead  to  the  response  of  a  chain  of  planetary-scale  evenu.  This  mainly  shows  up  in  the  fact 
that  the  branch  of  upward  motion  of  the  divergent  circulation  rapidly  shifts  from  the  Indonesia- 
Maiaysian  region  eastward  to  the  eastern  Pacific,  thus  causing  the  normal-type  Walker  c'rculation 
to  reverse  its  sense.  This  condition  is  very  similar  to  the  movement  of  divergent  circulation  from 
non-El  Nino  year  to  El  Nino  year.  From  the  dynamic  viewpoint,  this  kind  of  divergent  circulation 
is  favorable  to  the  syn<q)tic  development  over  the  eastern  Pacific  and  the  western  coast  of  North 
America. 

I .  Introduction 

In  East  Asia,  a  process  of  cold  waves  Is  accompanied  with 
Intensive  surges  of  cold  air  masses.  From  Its  origin  In  Siberia, 
when  cold  air  masses  rapidly  move  eastward,  very  strong  north 
winds  and  northeast  winds  are  generated  In  the  lower  atmospheric 
layer,  thus  causing  the  development  of  winter  monsoons.  If 
appropriate  circulation  exists  In  South  China  and  the  South  China 
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Sea,  an  apparent  cold  surge  will  be  generated[l] .  This  kind  of 
cold  surge  can  rapidly  spread  southward  or  propagate  to  areas 
near  the  equator,  thus.  Intensifying  convection  and  phenomena 
there.  Afterwards,  latent  heat  released  from  precipitation 
produces  an  obvious  feedback [2]  to  the  large-scale  atmospheric 
circulation  In  East  Asia  and  the  Northern  Hemisphere.  Therefore 
a  cold  wave  In  East  Asia  Is  not  only  a  regional  weather  process, 
but  It  also  has  an  apparent  function  on  a  planetary  scale. 

As  pointed  out  by  N.  C.  Lau  and  K.  M.  Lau[3],  once  a  cold 
wave  surges,  there  are  two  types  of  disturbances  propagating 
downstream.  One  low-frequency  disturbance  moves  toward  the 
subtropical  Pacific  region.  This  movement  toward  the  equatorial 
region  Is  manifested  as  a  new  disturbance  center,  which 
continuously  builds  up  downstream  of  the  original  center. 
Recently,  Pan  and  Zhou [4]  also  studied  the  propagation  process  of 
Siberian  highs.  They  pointed  out  that  accompanying  the  southward 
motion  of  the  cold  high  pressure  and  moving  out  of  the  East  Aslan 
coastlines,  the  200  hPa  divergent  circulation  In  the  West  Pacific 
Tropical  Region  Intensifies,  then  rapidly  moves  eastward.  This 
process  actually  Is  a  low-frequency  weather-scale  disturbance 
slowly  moving  eastward;  the  time  scale  Is  approximately  10  to  20 
days.  In  the  first  part  of  the  article,  new  facts  are  set  forth 
to  prove  that  this  low-frequency  propagation  Is  a  feature  of  East 
Asia  cold  air  mass. 

It  Is  generally  acknowledged  that  the  planetary-scale 
function  of  East  Asia  cold  air  masses  or  the  winter  monsoon  Is 
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caxxled  out  by  Hartley  circulation  and  Walker  circulation  in 
local  areas.  Chang  and  Lau  et  al.[2]  conducted  quite  a  number  of 
studies  on  the  change  in  Hartley  circulation  under  cold  surge 
conditions;  however,  their  Investigations  are  limited  mainly  to 
the  East  Asia  and  West  Pacific  Regions.  In  the  second  part  of 
this  article,  the  planetary-scale  function  of  the  winter  monsoon 
is  studied  in  broader  scope,  thus  revealing  some  remotely  related 
phenomena  with  the  winter  monsoon. 

II.  Data  and  Computational  Methods 

The  data  and  examples  used  in  the  article  are  the  same  as  in 
reference  [5].  The  data  used  were  the  once-a-day  data  points  of 
the  European  Intermediate-Range  Weather  Forecast  Center  covering 
five  winters  (November  through  February,  from  1980  through  1984). 
The  horizontal  discrimination  rate  is  2.5  deg.  Long. /deg.  Lat. 
These  data  were  initialized.  During  these  five  winters,  the 
authors  selected  a  total  of  19  processes  of  strong  cold  waves. 
Their  cold  high  pressures  generally  had  similar  moving  routes, 
that  is,  from  the  Siberian  region  west  of  Lake  Baikal  passes 
through  Mongolia  and  North  China,  then  moves  to  East  China,  and 
finally  goes  out  to  sea.  Moreover,  when  the  cold  high  pressure 
moves  to  certain  areas,  certain  intensities  are  attained.  In 
other  words,  at  the  ground  center  of  the  Siberian  zone  of  origin 
atmospheric  pressure  should  be  1055  hPa;  upon  arriving  at  the 
Mongolia  and  North  China  Regions,  it  should  be  larger  than  1040 
hPa,  and  upon  arriving  at  the  East  Asia  Region  it  should  be 
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greater  than  1032  hPa.  Actually,  these  19  examples  were 
processes  of  large-area  cold  waves,  being  the  most  Intensive 
during  these  five  years. 

Based  on  different  locations  attained  by  the  cold  air 
pressures,  the  entire  cold  wave  process  Is  divided  into  three 
stages.  Stage  I:  before  the  onset  of  a  cold  surge,  the  center  of 
the  cold  high  pressure  lies  In  the  Siberian  origin  zone;  this  Is 
the  earliest  time-period  stage  of  the  cold  air  process.  Stage 
II:  after  a  surge  of  a  cold  wave,  the  center  of  the  cold  high 
pressure  Is  In  the  North  China  Region.  Stage  III:  the  center  of 
the  cold  air  pressure  moves  to  East  China.  Thereafter,  a 
comprehensive  average  Is  derived  based  on  these  three  stages  on 
the  global  flowflelds  and  divergent  wind  field  (or  velocity 
potential  field)  of  these  19  examples,  thus  yielding  the  global - 
scale  flowfleld  before  and  after  surges  of  the  East  Asia  cold 
wave,  and  Images  of  average  In  variation  of  the  divergent 
windfleld. 

To  understand  the  southward  propagation  feature  of  cold  air 
masses  In  the  cold  wave,  the  authors  first  computed  the  apparent 
heat  source  (Qj^),  with  the  formula 

In  the  equation,  ^  Is  the  potential  temperature;  tO  Is  the 
vertical  velocity  of  the  p-coordlnate.  k  *  R/Cp ;  R  and  Cp  are, 
respectively,  the  gas  constant  and  the  specific  heat  at  constant 
pressure.  Since  a  cold  air  mass  (ground  high  pressure)  related 
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to  cold  wave  activity  is  the  principal  heat  sink  (cold  source)  of 
the  winter  atmosphere,  analysis  of  the  variation  in  the  field 
of  the  convection  layer  can  possibly  better  reveal  the  features 
of  routing  and  propagation  of  a  cold  air  mass  than  analyzing 
other  meteorological  fields.  Based  on  the  formula  for  ,  the 
authors  computed  the  distribution  (in  the  East  Asia  Region)  of 
at  700  and  300  hPa  between  December  1980  to  February  1981;  at  the 
same  time,  the  power  spectra  of  various  lattice  points  were  also 
computed.  It  was  discovered  that  oscillations  with  a  cycle  of  10 
to  20  days  exist  in  most  lattice  points;  oscillations  with  a 
period  of  40  to  50  days  also  exist,  but  are  not  as  obvious  as 
those  with  a  10  to  20  day  cycle.  Later,  a  wave  filtration  was 
carried  out  on  the  field  of  the  700  and  300  hPa  layer,  thus 
yielding  the  field  as  a  component  of  the  10  to  20  days. 

In  the  ccxnputatlons  of  the  divergent  wind  field  or  the 
velocity  potential  field,  the  authors  adopt  the  double  Fourier 
transform  method [5];  these  computations  are  very  accurate  to  the 
global  velocity-potential  fields.  Refer  to  reference  [6]  for  the 
detailed  c<Mnputatlonal  method. 

III.  Propagation  Features  of  Cold  Air  Masses  in  a  Cold  Wave 

Fig.  1  is  the  x-t  diagram  of  ;  the  figure  Indicates  the 
time  evolution  of  the  heat  sink  and  the  heat  source  along  the 
cold  air  paths.  700  and  300  hPa  can  represent,  respectively,  the 
situations  in  the  lower  and  upper  convection  layers.  Because  of 
space  limitations,  only  the  situations  of  one  month  between 
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January  16  and  February  16,  1981,  are  reported.  This  particular 
month  was  selected  because  during  this  period  the  cold  air  masses 
were  the  most  active  in  the  five  winters  under  study;  this 
includes  a  very  Intensive  cold  wave  process  (from  January  21-30, 
1981).  Prior  to  the  surge  of  this  cold  wave,  atmospheric 
pressure  at  the  ground  center  of  the  Siberian  cold  high  pressure 
was  1085  hPa,  which  broke  the  historical  record  of  1082  hPa  set 
in  January  3,  1977.  This  process  of  the  cold  air  masses  caused 
intensive  drops  in  temperature  over  large  areas  of  China,  between 
10  to  12** C  drop  in  temperature  in  East  and  South  China.  In  the 
coastal  regions,  there  were  very  strong  north  winds  and  northeast 
winds.  From  Fig.  1,  we  can  see  that  in  the  entire  month 
generally  there  were  three  cold. wave  processes  from  a  Siberian 
origin  propagating  southeastward  to  the  South  China  coast.  The 
most  obvious  process  is  the  previous  stated  cold  wave  between  the 
January  21  and  30.  Basically  the  cold  and  heat  origin  propagated 
along  the  path  of  northwest  to  southeast;  there  were  more 
apparent  for  300  hPa  than  for  700  hPa.  In  addition,  the  300  hPa 
propagated  about  1  to  3  days  ahead  of  the  corresponding  700  hPa. 
This  southeastward  propagation  of  possibly  reflects  the 
propagation  of  a  weather-scale  disturbance  with  a  10  to  20  day 
cycle  toward  the  lower  latitudes.  In  other  time  segments,  in  the 
winter  of  1980-1981,  there  were  similar  phenomena.  This 
indicates  that  the  low-frequency  oscillation  of  10  to  20  days  is 
an  important  low-frequency  mode  of  the  mid-  and  high  latitudes  in 
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winter;  this  oscillation  is  closely  related  to  the  East  Asia  cold 


wave. 


Fig.  1.  x-t  diagram  of  apparent  heat  source 
of  low  pass  wave  filtration  between  January  15 
and  February  15,  1981:  (a)  300  hPa  (b)  700 
hPa  (shaded  area  represents  negative  region 
(heat  sink);  solid  curves  represent  positive 
0^  (heating)  curves;  dashed  lines  represent 
negative  (cooling)  curves;  unit:  C/d. 

The  abscissa  indicate  the  average  path  of  the 
East  Asia  cold  wave . ) 


IV.  Planetary- scale  Function  of  Cold  Air  Masses  in  East  Asia 
Cold  Waves 

As  pointed  out  in  the  introduction,  a  surge  of  East  Asia 
cold  air  masses  (including  the  establishment,  southward 
penetration,  denaturation,  and  dissipation  of  the  Siberian  high) 
not  only  is  a  regional  weather  process,  but  also  can  be  explained 
from  the  two  following  aspects:  in  one  aspect,  its  formation  and 
development  are  the  result  of  the  evolution  of  large-scale 
circulation [ 7-9 ] ;  in  the  other  aspect,  as  a  main  cold  source  in 
the  Northern  Hemisphere,  once  the  Siberian  high  surges  southward. 


It  will  impose  significant  effects  on  the  planetary-scale 
circulation.  Some  previous  research  pointed  out  the  existence  of 
this  remotely  related  phenomena  on  a  planetary  scale  to  some 
extent  [2,9].  For  example,  six  or  seven  days  before  the  surge  of 
Bast  Asia  cold  air  masses,  in  the  West  Atlantic  there  is  first 
the  formation  and  buildup  of  troughs  and  ridges.  Afterwards, 
when  passing  the  Eurasian  continent,  formation,  development,  and 
breakup  of  new  troughs  and  ridges  in  turn  occur  downstream.  This 
continuous  development  process  downstream  steadily  continues 
until  eventually  it  causes  the  surges  of  East  Asia  cold  air 
masses.  After  the  surge  of  the  cold  wave,  as  the  process  of 
energy  dissipation,  cold  air  activates  and  propagates  downstream. 
Recently,  Ding  and  Krishnamurti[10]  studied  this  planetary-scale 
function  of  the  surge  of  East  Asia  cold  waves.  As  they  pointed 
out  in  the  cold  wave  surge  process  there  is  the  phenomenon  of 
eastward  motion  of  the  200  hPa  divergent  circulation  center  of 
the  tropical  planetary  scale.  In  the  following,  the  discussion 
will  be  continued  by  relying  on  more  detailed  data. 

Fig.  2a-c  shows  the  mean  flowfleld  (average  of  19  cases  of 
cold  waves)  of  the  200  hPa  for  the  Siberian  cold  air  high  at 
different  development  stages.  It  can  be  seen  with  the  surges  of 
the  East  Asia  cold  wave,  obvious  varic  ':lon  occurs  in  the  large- 
scale  circulation,  primarily  revealed  in  three  aspects:  1)  first, 
it  is  the  deepening  of  the  East  Asia  large  trough  located  on  the 
East  Asia  coastlines  in  winter;  the  trough  moves  eastward  for  20 
deg.  Long.  In  stage  I,  the  mean  position  of  the  large  trough  is 


situated  at  120  deg.  E.  In  stage  III,  the  large  trough  moves 
eastward  to  the  vicinity  of  140  deg.  E.  This  apparent  deepening 
and  eastward  motion  will  certainly  cause  a  variation  and 
rearrangement  of  the  downstream  system.  2)  In  the  upper  portion 
of  the  convective  layer,  the  Alaska  high  shows  an  apparent 
increase  in  its  amplitude;  the  corresponding  large  trough  along 
the  East  Coast  of  North  America  deepens.  This  variation  of 
downstream  circulation  is  a  possible  manifestation  of  energy 
dissipation  of  the  Rossby  wave,  and  the  functioning  of  the  upper 
stream  effect.  The  amplitude  Increase  of  the  Alaska  high  may 
also  be  related  to  the  shortening  of  the  wavelength  of  long-wave 
troughs  on  the  East  Asia  coastlines  and  the  East  Coast  of  North 
America.  This  process  may  cause  the  buildup  of  the  longitudinal 
direction  of  the  long  wave.  3)  In  the  West  Pacific  tropics  and 
Northern  Australia,  a  pair  of  anticyclones  moves  eastward.  In 
particular,  the  anticyclone  circulation  at  Northwest  Australia 
has  its  center  located  in  Northwest  Australia  in  its  initial 
period.  Afterwards,  another  new  center  is  formed  over  the  seas 
northeast  of  Australia.  In  a  later  stage,  this  center  moves 
further  eastward  and  becomes  another  center.  As  mentioned  above 
the  eastward  motion  of  the  atmospheric  pressure  couple  is  related 
to  the  formation  and  eastward  motion  of  an  Intensive  convection 
and  precipitation  zone  stimulated  in  an  area  near  the  equator 
after  the  surge  of  cold  air  masses  has  passed. 

In  the  following,  the  author  and  his  colleagues  discuss  the 
variation  in  the  global -velocity  potential  field  in  the  surge 
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process  of  East  Asia  cold  waves.  Fig.  3a, b  show,  respectively, 
the  distribution  of  the  200  hPa  and  700  hPa  velocity-potential 
fields  over  a  time  average  (average  of  three  stages)  of  a  process 
of  surges  of  East  Asia  cold  waves.  It  can  be  observed  that  the 
most  Intensive  center  of  divergent  circulation  (ascending  branch) 
(Fig.  3a)  Is  situated  In  the  tropical  mld-Paclflc  (In  the 
vicinity  of  150  deg.  E.).  This  position  Is  30  deg.  In  Long,  more 
to  the  east  for  the  winter- average  position  (In  the  vicinity  of 
120  deg.  E. )  of  the  200  hPa  divergent  center [10].  This  shows  the 
response  of  large-scale  circulation  to  the  activity  of  East  Asia 
cold  air  masses.  If  we  compare  this  with  the  situation  of  other 
activity  periods  of  cold  surges[2, 11] ,  this  position  Is  close  or 
slightly  to  the  east  to  the  position  of  the  divergent  center  as 
obtained  by  researchers.  The  high  altitude  divergent  zone 
extends  eastward  from  the  West  Pacific  to  the  East  Coast  of 
America;  the  high  altitude  convergent  zone  Is  situated  over  the 
Eurasian  continent,  Africa,  and  the  Atlantic  regions.  The 
distribution  of  the  700  hPa  velocity-potential  field  Is  almost 
the  reverse  of  that  of  the  200  hPa  velocity-potential  field,  with 
only  some  difference  In  the  positions  of  the  divergent  and 
convergent  centers.  In  the  lower  altitude  of  the  200  hPa 
divergent  zone,  this  Is  the  apparent  convergent  zone  (from  the 
West  Pacific  to  the  East  Coast  of  America);  however,  the  lower 
side  of  the  200  hPa  convergent  zone  Is  an  apparent  divergent  zone 
(Eurasian  continent,  Africa  to  the  Atlantic).  So  as  observed  on 
a  global  scale,  the  divergent  circulation  of  the  planetary  scale 


is  very  clear,  and  It  Is  manifested  as  the  distribution  type  of 


waves . 


Fig.  2.  200  hPa  average  flowfields  of  stage  I  (a), 
stage  II  (b),  and  stage  III  (c)  of  surges  of  East 
Asia  cold  waves  (dashed  curves  are  the  isopleth  of 
wind  speed);  unit:  m/s 


The  main  effect  of  the  process  of  surges  in  East  Asia  cold 
waves  on  the  divergent  circulation  of  this  planetary  scale  is 
manifested  in  the  eastward  motion  of  the  position  of  the 
circulation  center  and  its  development  toward  downstream.  From 


stage  I  to  stage  ill,  the  center  of  the  most  Intensive  3200  hPa 
divergent  circulation  rapidly  moves  60  deg.  Long,  eastward  (refer 
to  Fig.  3a).  This  point  can  be  more  clearly  observed  from 


Fig.  3.  Velocity-potential  fields  of  time  average  for 
the  surge  process  of  East  Asia  cold  waves:  (a)  200  hPa 
(b)  700  hPa  (shaded  area:  convergent  zone, 
unit:  10®  m^/s)  Black  dots  represent  positions  of  the 
divergent  circulation  center  In  three  stages 

different  stages  of  a  velocity-potential  anomalous  field 
(Fig.  4a, b  to  Fig.  6a, b).  (The  average  velocity-potential  field 
of  19  cases  of  cold  waves  at  different  stages  minus  the  average 
velocity-potential  field  In  the  winters  of  1980  through  1984. ) 
These  graphs  clearly  Indicate  that  there  Is  a  reverse 
distribution  of  convergent  circulation  before  and  after  surges  of 
cold  air.  At  an  early  stage,  the  center  of  the  200  hPa  very 
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powerful  divergent  circulation  Is  located  over  the  West  Pacific 
Equatorial  Region,  west  of  170  deg.  W.;  the  convergent 
circulation  Is  situated  over  the  East  Pacific  Equatorial  Region; 
this  Indicates  the  existence  of  strong  Walker  circulation  as  the 
normal  type.  However,  with  the  southward  motion  of  the  Siberian 
high  and  the  rapid  eastward  motion  of  the  divergent  circulation 
anomalous  region,  the  entire  East  Pacific  Is  controlled  by 
divergent  circulation;  however,  the  Mid-  and  West  Pacific,  as 
well  as  the  Eurasian  continent,  are  the  divergent  circulation 
zones  with  distribution  basically  the  reverse  In  direction  as 
that  of  stage  I.  In  the  later  stage,  the  anomalous  divergent 
circulation  over  the  East  Pacific  further  extends  toward  the 
northeast  and  the  southeast,  with  an  Influence  covering  all  of 
North  and  South  America.  It  should  be  pointed  out  that  the  axial 
curves  of  the  maximum  divergent  zone  points  to  the  West  Coast  of 
North  America  (Including  Canada)  toward  the  northeast  from  the 
Mid-  and  East  Pacific  Equatorial  Regions.  Later,  the  axial 
curves  turn  southeastward  to  arrive  at  the  East  Coast  of  the 
United  States.  This  situation  Is  very  similar  to  that  of  the  PNA 
type.  At  that  time,  the  nozrmal  Walker  circulation  has  been 
completely  replaced  by  a  reverse-direction  east-to-west 
circulation.  In  other  words,  the  ascending  motion  occurs  over 
the  East  Pacific  Equatorial  Region  and  the  descending  motion 
occurs  over  the  West  Pacific  Equatorial  Region.  Therefore,  In 
the  East  Pacific  equatorial  region,  there  will  be  Intensification 
of  convection  and  precipitation.  However,  In  the  West  Pacific 


Fig.  4.  Velocity-potential  anonalous  field  of  time 
average  in  the  first  stage  of  East  Asia  cold  waves: 

(a)  200  hPa  (b)  700  hPa  (shaded  area  indicates 
anomaly  of  the  convergent  zone,  unit:  10^  m^/s) 

Equatorial  Region  there  will  be  constraints  on  convection  and 
precipitation.  The  evolutionary  process  of  the  above-mentioned 
divergent  circulation  is  very  similar  to  the  response  process 
(PNA  type)  of  the  atmosphere  in  the  tropics  and  mid-latitudes  to 
the  El  Nin^  event.  Although  the  time  scales  of  the  two  differ, 
in  the  former  case  this  is  a  shoirt-term  phenomenon,  but  in  the 
latter,  this  is  a  long-term  phenomenon.  As  revealed  by  the 
above-mentioned  facts,  once  the  surge  of  the  East  Asia  cold 
waves,  through  the  remotely  related  function  of  the  downstream 
after  an  average  of  five  to  seven  days,  the  surge  may  possibly 


affect  weather  In  the  Western  United  States,  and  even  the  Eastern 
United  States. 


•  M  UO‘B  IM  IM*W  N  • 


Fig.  5.  Velocity-potential  ancMnalous  field  of  time 
average  In  the  second  stage  of  East  Asia  cold  waves 
(further  explanation  Is  the  same  as  In  Fig.  4) 

The  700  hPa  velocity-potential  anomalous  field  more  clearly 
explains  this  possibility.  Prior  to  surges  of  cold  air  masses, 
the  West  Pacific  and  Indian  Ocean  Regions  represent  the 
convection  zone;  the  most  Intensive  convection  zone  Is  situated 
over  Indonesia  and  New  Guinea.  The  divergent  zone  Is  situated 
over  the  East  Pacific  —  North  America  --  Atlantic  Region.  This 
distribution  Is  similar  for  general  climatic  situations.  After 
cold  wave  surges  have  passed,  the  distribution  of  the  velocity- 
potential  anomalous  field  In  the  lower  atmospheric  layers  Is  Just 


the  reverse  as  that  In  the  Initial  stage.  Over  the  East  Pacific 
and  Western  America,  a  convergent  anomalous  region  appears. 
However,  over  the  West  Pacific  a  divergent  anomalous  field 
appears.  This  indicates  the  apparent  weakening  or  the  sign 
reversal  of  the  original  low-level  convergent  field  over  the 
zone.  In  the  latter  periods,  the  center  of  the  most  intensive 
convergence  of  700  hPa  over  the  East  Pacific  rapidly  moves 
eastward;  while  over  the  ocean  west  of  the  West  Coast  of  North 
America,  there  is  apparent  intensification  of  the  lower  altitude 
convergence,  or  ascending  motion.  Refer  to  Fig.  6a,  at  that  time 
the  situation  of  the  low-altitude  convergence  and  high-altitude 
divergence  occurs.  From  the  viewpoint  of  dynamics,  the  coupling 
of  high  and  low  altitudes  is  very  beneficial  to  the  development 
of  weather  systems,  as  the  buildup  of  temperate  cyclones  in  the 
winter  along  the  West  Coast  of  the  United  States.  Lau  et  al.[ll] 
also  point  out  that  in  the  latter  stage  of  a  cold  air  surge, 
there  is  possibly  a  strong  Influence  on  the  weather  development 
along  the  west  coast  of  the  United  States  by  a  cold  surge  over 
East  Asia  through  intensifying  interaction  or  coupling  functions 
of  the  mid-latitude  and  the  tropics.  This  remotely  related 
problem  in  the  downstream  merits  further  research. 

V.  Conclusions 

The  paper  reports  on  studies  on  the  planetary-scale  function 
and  features  of  low  frequency  propagation  of  19  surges  of  East 
Asia  cold  waves  in  the  winters  of  1980  through  1984.  This  shows 
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that  the  southward  propagation  of  cold  air  mainly  is  the 
oscillation  of  a  cycle  of  10  to  20  days  for  a  low  frequency 
state.  These  low-frequency  waves  move  southeastward  following 
the  primary  paths  of  cold  highs  from  a  Siberian  origin  to  the 
subtropical  and  tropical  areas.  On  the  other  hand,  the  Siberian 
high  as  the  main  cold  source  or  thermodynamic  force  of  the 
convection  layer  in  Northern  Hemisphere  winters  will  certaliily 
have  Important  effects  on  large-scale  atmospheric  circulation. 
When  a  Siberian  high  moves  to  North  China  from  its  origin,  and 
finally  moves  to  East  China  and  South  China,  a  series  of 
responses  in  the  process  of  a  planetary  scale  process  will  be 
induced.  In  the  first  several  days  before  surges  of  cold  air 
masses,  the  divergent  circulation  and  monsoon  activity  occur 
mainly  over  the  South  China  Sea,  Malaysia,  and  Indonesia.  Later, 
the  circulation  and  the  monsoons  begin  to  intensify,  and  the 
divergent  circulation  on  a  planetary  scale  rapidly  moves 
eastward.  The  ascending  branch  of  the  divergent  circulation 
rapidly  moves  eastward  frcnn  the  winter  monsoon  region  (or  cold 
surge  region)  to  the  Mid-  and  East  Pacific  Equatorial  Regions. 
These  activities  reverse  the  direction  of  normal  Walker 
circulation.  This  situation  is  very  similar  to  the  movement  of 
divergent-circulation  from  a  non-El  Nino  year  to  an  El  Nino  year. 
When  a  Siberian  high  moves  from  East  China  to  the  ocean,  and  the 
cold  surge  is  in  the  latter  period  of  its  buildup  stage,  the 
intensive  ascending  branch  of  the  East  Pacific  divergent 
circulation  obviously  extends  eastward  and  intensifies.  This 
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will  affect  the  weather  development  of  the  East  Pacific  or  the 
coastline  of  Southern  California.  Therefore,  the  remotely 
related  function  of  surges  of  East  Asia  cold  waves  at  least  can 
have  an  effect  in  its  downstream,  the  regions  of  the  American 
continent . 


Fig.  6.  Velocity-potential  anomalous  field  of  time 
average  in  the  third  stage  of  East  Asia  cold  waves 
(further  explanation  is  the  same  as  in  Fig.  4) 


The  first  draft  of  the  paper  was  received  on  November  25, 
1989;  the  revised  final  draft  was  received  for  publication  on 


September  26,  1990. 


REFERENCES 

[1]  Ding  Yihul,  "Statistical  research  on  East  Asia  winter 
monsoons,"  Redal  Qixlang  [Tropical  Meteorology],  6, 
119-128  (1990). 


C>3  Omih.C F.  .—d  K. M.  Ltw.NoftfciMMrty  coM  Hff  «nd  imr  K—tcritl  dfcwab—i  turn  Uw  wtoiM  MOWEX  if  dar- 
li«  liri.fMt  I  inMMfT'Mta  MPM.  Wm. Dm.  .  IM.Mt— SIZ.IUO. 

[33  C  <  K.  M.  mmeMn  tad  timtimm  tt  wldlilitMe  dimtrtMiwi  iriiiiiii»«iiyliit  actt  tkt  —ttwto  vm 

lMIAiii.SM.irM.JU*. .  111. not— 1327. Itl4. 

CO  Pm.H.  .L.  .•■<  F.  X.  ZhM.Thi  10-20  Oijr  mpiMl-aMlilitad*  iBUfiCiiM  dutlat  wtoM  ■mm—  mmm.  J.  Ulmt. 
Om.  Ji—.  U.t2t— 043.  IIU. 

[S]  Sliph— .J.J.  .m4Mu—i .K.  W.  .kolMiaiiil  iiid  divitaiM  wiiid  pelMliili.  Sm-ITm.  Am.  .  101.1452—1437.1173. 


[6]  Ding  Yihui,  Tianql  Donqllxue  Zhongdi  Zhenduan  Fenxl 

Fangfa  [Diagnostic  and  Analytic  Methods  in  Weather 
Dynamics],  Science  Publishing  House,  p.  293,  1989. 

[7]  Tao  Shlyan,  "Empirical  study  of  cold  air  activities 

of  winter  half-year  in  East  Asia, "  mimeographed  copy 
of  the  Central  Meteorological  Station,  1955. 

[8]  Chou  Yongyan,  Zhongql  Tlanqi  Yubao  [Intermediate-Range 

Weather  Forecasting],  Science  Publishing  House, 
pp.  309-348. 


[03  JUui .ind  M.H.HIUh— .Oittwt*U«4MiiciihFi<»wMl— OtMiep— lnEM>Aili»HMMtWMU.SM. 
rM.JU*. .  110.1224— 1237. 10•^ 

[10]  KiMmi—wH.T.N.  .TwplMl  MiMitBlocr.WMO.W.  304 .SwitMfliad.  1070. 

[113  U».K.  >4.  .idd  F.  M.  CbiH.8hMt-i—i  dl—  *irti>lli>7  Md  ifnioOwlr  l■I^M^■n^l—  tr—  Ml*llli»-«>i»md  —ao- 
lit  Uapwiv*  ndiition.Fwt  liShmU—  ivIMisMiripi. ./.  AU—M. .  00.2735—2750.1033. 


DISmCBlTCICN  LIST 


orsnsuBuncN  ozrexit  to  RExrcpiEiir 


ORSNIZmON  MIC3«3FiaiE 


BOSS  niVRIS-2FI  1 

C509  Bm/X509  BIOLISTIC  RES  lAB  1 

C510  RKT  lABS/AVEAOOGM  1 

C513  ABRADCXN  1 

C535  AVRADOCXVTSARCrM  1 

C539  IBASAHA  1 

Q592  F5TC  4 

Q619  NSIC  REDGTGNE  1 

Q006  NUC  1 

Q043  ARdC-IS  1 

E051  HQ  UEAF/INEr  1 

E404  AEDC/DQF  1 

E40e  AFNL  1 

E410  Asnrc/iN  1 

Bill  ASD/PnyrriA  i 

E429  SiyiND  1 

POOS  DQ^/ISVCOE  1 

F050  CEVOCXV^ADD/SD  2 

1051  AFTT/IZE  1 

1090  NSVCCB  1 

2206  FSL  1 


Microfiche  Mar:  fTD930000628' 
FED-ID(RS)T-0370-93 


